ABSTRACT Expatriate workers must be medically examined in their country of origin at accredited centres prior to their arrival in any Gulf Cooperation Council (GCC) country and are reexamined when they enter the country. This review investigated the epidemiological profile of registered expatriate workers in Saudi Arabia who were found medically unfit to work. A descriptive analysis was performed on 4 272 480 records of a Ministry of Health database from 1997 to 2010. The greatest proportion of workers was from Indonesia (34.3%). The total proportion of unfit expatriate workers was low (0.71%). The highest rate of unfitness was among workers from Ethiopia (4.06%), followed by Somalia (2.41%). Hepatitis B infection was the most common cause (57.5%), followed by noncommunicable diseases (21.2%) and hepatitis C infection (17.4%). This review suggests that the total number of workers registered in the Saudi Ministry of Health was underestimated, and the rate of unfit workers was lower than for other GCC countries, suggesting that standards and quality assurance in Saudi laboratories require revision. . L'infection par le virus de l'hépatite B était la cause la plus fréquente (57,5 %), suivie par les maladies non transmissibles (21,2 %) et l'infection par le virus de l'hépatite C (17,4 %). Cette analyse semble indiquer que le nombre total de travailleurs enregistrés au ministère de la Santé saoudien était sous-estimé et que le taux de travailleurs inaptes est inférieur à celui des autres pays du Conseil de coopération du Golfe, ce qui donne à penser qu'une révision des normes et de l'assurance qualité des laboratoires saoudiens est nécessaire.
Introduction
With the globalization of the oil and gas industries in the late 1970s, Saudi Arabia became an important destination for many expatriate workers from many nations [1, 2] . In 1983 the health authorities in Saudi Arabia, in compliance with the regulations and recommendations of the World Health Organization (WHO), started to perform mandatory medical screening on all expatriate workers. In Saudi Arabia this screening programme is seen an important strategy for preventing the spread of communicable diseases due to the higher numbers of expatriate workers and their dependants (31.1% of the total population in Saudi Arabia) [3] ; the high rates of communicable diseases in many of the countries of origin; and the nature of the work of some expatriates (e.g. housemaids, health workers, private drivers and food handlers), which brings them into direct contact with Saudi citizens [4] .
In 1995, the executive board of health ministers for the Gulf Cooperation Council (GCC) took responsibility for publicizing and implementing the rules and regulations for medical examinations of expatriate workers in all GCC countries [3, 5] . Under the scheme expatriate workers must be medically examined and tested in their country of origin at accredited centres, prior to their arrival in a GCC country. All expatriate workers are reexamined on arrival in Saudi Arabia. This is a prerequisite to issue their stay permits. Their health screening results are compared with the medical certificates issued in their country of origin. The executive board of health ministers for GCC countries arranges for annual (unannounced) visits to accredited centres to ensure implementation of unified standards. Violations within a centre may result in penalties, including the withdrawal of accreditation or fines if an expatriate worker who holds a fitness certificate from one of these centres is subsequently identified as unfit in the Saudi fitness-screening programme [6] .
There are important epidemiological indicators among expatriate workers in Saudi Arabia, e.g. their nationality distribution, the magnitude, distribution and causes of their medical unfitness and the trends of disease among them. This review was made to investigate the epidemiological profile of registered expatriate workers in Saudi Arabia who were found to be medically unfit for work.
Methods
A systematic review was conducted in the Ministry of Health (MOH) electronic database of the available and accessible data for the Saudi expatriate worker fitness-screening programme. Data from each year of a 14-year period (1997-2010) were compared with paper records. Incomplete data were requested from the regional coordinators. Microsoft Excel software was used to pool data for all years and for the subsequent analysis. A descriptive analysis was carried out and the results presented in distribution tables and graphs.
A literature search of the screening of expatriates was limited to the early 1980s and 2000s, when screening began in Saudi Arabia. The review included published books, reports and articles on the web or in print.
Results

Background data
In this review, the total number of registered expatriate workers re-examined in Saudi Arabia was 4 272 480. The average number examined each year was 305 177. The number of workers tested over the study period varied in each year, but generally increased slightly over time. The highest number of examinations took place in 2010, and the lowest in 2007 (Figure 1 ). The majority of workers examined (3 970 875, 93.1%) were men, and the male to female ratio was nearly 13:1 ( Table 1) . The highest proportion of expatriates came from Indonesia (34.2%), with the smallest proportion from Somalia (0.08%). The highest proportion of women came from Somalia (35.8%), and the lowest from Egypt and Pakistan (2.7% each).
Prevalence of unfitness
Over the study period, a total of 30 230 workers (0.71%) were found to be unfit to work. Most of them (27 714, 91.7%) were men. The highest rate of unfitness was among Ethiopian workers (4.06%), followed by those from Somalia (2.42%) and Nepal (1.88%), with the lowest rate found in workers from Turkey (0.02%) ( Table 1) . Throughout the first 10 years of the period studied, there was little variation in the numbers of unfit workers. In 2007 there was a sudden decrease, and this was followed by a significant increase in 2008, which peaked in 2010 ( Figures 1 and 2 ).
Causes of unfitness
Among the total 30 230 unfit workers hepatitis B virus (HBV) infection was the most common cause of unfitness (17 371 cases, 57.5%), followed by chronic (noncommunicable) diseases (pooled data) (6581, 21.8%), hepatitis C virus (HCV) infection (5265, 17.4%) and human immunodeficiency virus (HIV) infection (413, 1.4%). The numbers of workers with infection and chronic diseases during the period studied are shown in Figure 2 .
Infectious diseases
The total number of workers with infectious diseases was 23 649 and 21 665 (91.7%) were men ( Table 2) . The average annual number of workers with HBV was 1150, followed by 500 cases of HCV, 86 of TB and 35 of HIV. The highest rates of HBV were in workers from Indonesia (29.9%) and the Philippines (13.0%); the lowest rate was among Turkish expatriates (0.01%) ( Table 2 ). The highest rates of HCV were also found in workers from Indonesia (7.22%) and the Philippines (3.32%). There were no cases from Turkey. The highest rates of HIV infection were in workers from Indonesia ‫املتوسط‬ ‫لرشق‬ ‫الصحية‬ ‫املجلة‬ ‫عرش‬ ‫التاسع‬ ‫املجلد‬ ‫السابع‬ ‫العدد‬
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(0.78%) and the Philippines (0.32%) ( Table 2) .
Noncommunicable diseases
Among the 6581 expatriates who were unfit to work due to chronic (noncommunicable) diseases, 6049 (91.9%) were men (Table 3) . Diabetes mellitus and hypertension were the most common problems (95.7%). The highest rates of these diseases were found in workers from Indonesia (36.4%) and India (17.6%). The occurrence of neoplastic and neuropsychiatric diseases was very low in workers from Indonesia. Among the women registering pregnancy as their cause of medical unfitness, the greatest number were from the Philippines (1.79%) ( Table 3) .
Discussion
The data for this review were obtained from records over a 14-year period from 1997, when electronic data collection started in Saudi Arabia, to 2010. This long time period allowed a reasonable assessment of the time trends to be made. The increase in the number of expatriate workers arriving in Saudi Arabia from 2005 onwards may be due the influx of workers from new sources, such as China, Nepal, Viet Nam, Ethiopia and Eritrea, which were added to the programme around 2005. The sudden and transient decrease observed in worker numbers in 2007 may relate to the start of the online registration process. The staff responsible for online registration may not have been adequately prepared or trained, and the online facilities may have been insufficient at that time. Thereafter, the numbers registered returned to preonline levels. Workers from Indonesia represented the majority of expatriates, probably because families in Saudi Arabia prefer to employ Indonesian workers as housemaids and private drivers [7] [8] [9] [10] . Most expatriate workers were men. Women, who accounted for 7% of the total, are usually employed as housemaids or health-care workers [11, 12] .
Approximately one-third of workers from Somalia were females; this is the country from which the highest proportion of women come, and may be a result of the ongoing conflict in Somalia that has forced many families to leave the country.
Ideally, there should be no unfit cases at the time of re-screening in Saudi Arabia. The data showed this was not the case. Although the rate of unfitness was only 0.71% this represents a total of 30 230 workers who were unfit to work. This discrepancy raises issues regarding the accuracy and quality of testing in the countries of origin. In general, the highest specific unfitness rates were found among workers from Africa. This was expected because of the limited medical care available in African countries [13] . Recent WHO reports show that some of the highest prevalence rates of HIV infection, HBV, HCV and TB are in Horn of Africa countries [14] [15] [16] . These countries would benefit from efforts directed at ensuring the quality and accuracy of their medical testing procedures.
The average annual number of expatriates who were unfit to work due to infectious diseases was found to be lower in this study than in the official MOH statistics, especially for HIV (413 cases), HCV (5265 cases) and TB (257 cases) [17, 18] . However, the non-Saudi individuals included in the MOH statistics may have lived in Saudi Arabia for many years and may have acquired their infection after arriving in the country. Therefore, these data cannot be compared with data from the expatriate screening programme. For the same reason, the figures regarding non-infectious diseases cannot be compared. Data on the regional distribution of unfit workers was not available because of technical problems in the computerized reporting system. HBV was the most common cause of unfitness among all the workers in this study. This was followed by chronic diseases and HCV. The pattern of these ‫املتوسط‬ ‫لرشق‬ ‫الصحية‬ ‫املجلة‬ ‫عرش‬ ‫التاسع‬ ‫املجلد‬ ‫السابع‬ ‫العدد‬ diseases among workers is consistent with the pattern of disease in most Asian and African countries where infectious diseases are more common [13] . Workers from Indonesia and the Philippines had the highest specific rate of unfitness due to HIV, HBV and HCV and chronic diseases. Although the prevalence of HIV and hepatitis infections is high in South-East Asia [19] [20] [21] the rate of HIV cases among Africans was higher than that for South-East Asians in our study. The rates of unfit expatriate workers in other GCC countries, namely United Arab Emirates and Kuwait, have been reported as 3.2% and 4.1% respectively [22, 23] . These are considerably higher than that in our review of Saudi Arabia (0.71%). One reason for this difference might be that the quality of re-examinations in the other GCC countries is better than that in Saudi Arabia. An investigation into the technical quality standards and procedures of the designated Saudi laboratories might be warranted on this basis. Despite the relatively low rate of unfit workers identified in our study and throughout GCC countries, there is a sound rationale to revise and supervise the accredited testing centres in the countries of origin.
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The total number of registered expatriate workers in this worker fitnessscreening programme (3 970 875) is an underestimate, presumably because of limitations in the reporting system. There were lower annual numbers of expatriate workers in this review than those recorded in other official sources. Data from the Ministry of Labour state the total number of workers coming to Saudi Arabia was approximately 1.2 million in 2008 and 1.12 million in 2009 [11] . It is understood that not all expatriate workers are registered in MOH records, and about one-third are examined in other governmental health sectors [11] . However, as we showed here, the registered number of expatriate workers in the MOH was still low. There are several reasons for this. First, not all the health regions are connected to the computerized reporting network (some still send faxed reports because the necessary infrastructure is lacking). Secondly, not all private authorized testing centres are yet connected to the network. Thirdly, there is limited coordination among other governmental health sectors and partners, such as the Ministry of Interior and Ministry of Labour. All these factors make it difficult for the MOH to accurately identify expatriate workers in Saudi Arabia.
The greatest drawback of the screening programme was that some of the data of unfit workers reported to the MOH were incomplete (e.g. missing worker code numbers and names of the external centres issuing the fitness certificates). These insufficiencies led to delays in identifying the external centres that had violated the rules, which meant that they were able to issue even greater numbers of inaccurate certificates.
Among the limitations of this study is that the data review was based on the electronic records of the MOH database. This was insufficient in terms of providing certain variables, e.g. on the distribution of noncommunicable diseases by type. The paper records obtained from the MOH headquarters and regions were disorganized and difficult to review. There were few references in the literature to expatriate workers in Saudi Arabia, and those that were found were not recent.
Conclusions
Expatriate workers in Saudi Arabia originate from many countries, mostly in South-East Asia, and the highest rate of unfitness was found among workers from African countries. HBV was the main cause of unfitness, followed by noncommunicable diseases such as diabetes mellitus and hypertension. The lower rate of unfit workers found at the time of re-examination in Saudi Arabia compared with other GCC countries requires investigation and revision of the test standards and quality assurance processes in the Saudi-designated laboratories. The lower than expected numbers of registered expatriate workers in this worker fitness-screening programme suggest that reporting system for data from all authorized centres to the MOH must be improved. Competing interests: None declared.
